ABSTRACT : In this paper we consider a one-dimensional mathematical model for the dynamics of phase transitions in Shape Memory Alloys (SMAs). We employ a finite element scheme to investigate the dependence of solutions on the parameters that define the Landau-Devonshire potential.
INTRODUCTION
N this paper we consider the system of partial differential I equations for x E So C IR and 0 S t S T. Systems (1)-(2) arise from the conservation laws of linear momentum and energy, respectively, in a connected one-dimensional solid Sl. The variables involved are as follows: u (x, t) represents displacement, 9 (x, t) denotes absolute temperature, Q is the mass density, k is the coefficient of thermal conductivity, (3 is a viscosity constant, a represents a short thermal memory coefficient, f(x, t) denotes the distributed loads acting on the body, g (x, t) represents the density of heat sources, ir (e,e&dquo;,,8) denotes the specific Hemholtz free energy density, and E = ux is the linearized shear strain. For a complete
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analysis on the derivation of Equations (1) and (2) (see Spies, 1992 (Funakubo, 1987) .
Since the early 1970s, several mathematical models to describe the dynamics of SMAs have been proposed and studied (Achembach and Muller, 1982 , 1983 , 1985 Falk, 1980 Falk, , 1983a Falk, , 1983b Lohman and Muller, 1986; Muller, 1979; Muller and Villagio, 1977 Sprekels, 1989) . Most of these models, however, have several limitations (see Spies, 1992) (1992) and also Songmu, 1986, 1988; Niezgodka, Songmu and Sprekels, 1988; Songmu, 1989; Songmu and Sprekels, 1989; Sprekels, 1989] . The Spies, 1992 (1)- (2) (1960, 1983a, 1984) . Experimental results have provided evidence that Equation (6) With if as in Equation (6), the system (1)- (2) We note here that it is not known if the initial boundary value problem (7)- (9) We shall use a finite element model based on a weak formulation of Equations (7)-(9) to investigate this system. In particular, consider the approximations of u and 0 given by where the §ts are the standard cubic B-splines in (0,1), a N (t ) and br:(t), -1 :5 i <-N + 1 are coefficients to be computed and N + 3 is the order of the approximation.
The weak formulation of the first equation in Equation (7) is given by for all v E H'(0,1), where <.&dquo; > denotes the inner product in Z~(0,l). The corresponding finite dimensional approximating equation is given by (we suppress the index N whenever the context is clear) for j = -1,0,1,2,...,N + 1.
Similarly, the weak formulation of the second equation in Equation (7) Using the notation introduced above, Equations (11) Equations (19), (20), (21) and (26) (1960, 1980) for the alloy Au23Cu3oZn4,: K, k1 = 100, f = g = 0, T = 40 X 10-3 sec and C1r(t) was defined to be a tensile load which was increased until it reached 250 MPa at time t = 10-3 sec, after which it was held constant at 250 MPa until t = T (Figure 1 ). Figure 2 shows the evolution of displacement (u), temperature (0) and deformation (ux), respectively, obtained with this data. Note that there seem to be two symmetric phase transition fronts moving towards the interior. These two processes reach the center of the wire at approximately t = 20 X 10-3 sec. The temperature in the meantime rose by more than 40°K near the interfaces. We should note here that this type of numerical experiment provides valuable data and information for the design of laboratory experiments to collect dynamic data for parameter identification purposes. For instance, the temperature evolution depicted in Figure 2 (b) provides important information about the possible location of sensors to detect stress-induced temperature increments. Figure 2(c) shows that the deformation ex-hibits sharp edges along the phase boundaries due mainly to the absence of viscosity effects.
We observed in Figure 2 (b) that the temperature increased by more than 40°K due only to the applied stress. Experts in the field seem to agree on the fact that such an increment is too high for real materials. The coefficient that couples strain and temperature in our case is a2 [see Equation (6)]. In the next experiment, we decreased a2 by a factor of 10 and then by a factor of 100, keeping all the other parameters unchanged. When a2 = 2.4 (Figure 3) , the highest temper- Assuming that all the other estimates by Falk (1960 and 1980) are accurate, this numerical experi- Figure 1 and k, = 500. ment suggests that the value a2 = 24 for this alloy is probably too high. Consequently, it would be important to conduct an experiment to collect data in this case for use in a parameter estimation scheme.
In the next numerical experiment, we studied the in-fluence of k1 and k. First, k1 was increased by a factor of 5 ( Figure 6 ) while keeping all the other parameters as those used in Figure 2 Figure 7) , the thermal waves were damped much faster due to the larger heat conductivity coefficient [Figure 7(b) ]. Figures 8 and 9 show a comparison of the effects of changes in k and k1 on temperature and deformation, respectively. Note that lower temperature regions near interfaces are always associated with larger deformations.
Finally, we studied the effects of changes in the coefficient a4. We first decreased a4 by a factor of 10 (cx4 = 1.5 x 104, Figure 10 ). The greatest effects of this change were observed in the evolution of the temperature, which is now damped throughout the whole wire, having an effect similar to that corresponding to increasing the heat conductivity. This is somewhat contrary to what we expected since a4 is not associated with any thermal part of the free energy potential. A similar effect was observed when CX4 = 1.5 X 101 ( Figure  11) . Figures 12 and 13 show a comparison of the effects of this change in the coefficient a4 on temperature and deformation, respectively. 
CONCLUSIONS
We have studied the influence of some of the model parameters on the evolution of displacement, temperature and deformation. The numerical experiments show that the Landau-Devonshire free energy [Equation (6) 
